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(54)
TURBINE

(57)  Agasturbine 1includes a combustor 39, a com-
bustor casing 31 formed in a cylindrical shape to house
the combustor 39 therein, and a combustor insertion hole
31a, which is a hole formed on a side periphery of the
combustor casing 31, where a size thereof in a direction
orthogonal to a circumferential direction of the combustor

GAS TURBINE AND METHOD OF FORMING INSERTION HOLE FOR COMBUSTOR OF GAS

casing 31 is formed larger than that in the circumferential
direction of the combustor casing 31, and when the com-
bustor 39 inserted into the hole, a member moved to-
gether with the combustor 39, and the hole are viewed
from a moving direction of the combustor 39, the hole
includes an entire external form of the combustor 39 and
the member moved together with the combustor 39.

FIG.4
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Description
TECHNICAL FIELD

[0001] The present invention relates to a gas turbine
and a method of forming a combustor insertion hole of a
gas turbine.

BACKGROUND ART

[0002] Conventionally, as an apparatus that extracts
energy from combustion gas generated by burning fuel,
there is a gas turbine in which a turbine is rotated by
using the energy of the combustion gas generated by
burning fuel and rotation energy is output from a rotor.
[0003] For example, Patent Document 1 discloses a
technique for facilitating assembly and disassembly of a
combustor of a gas turbine by a gas turbine assembling/
disassembling apparatus for assembling or disassem-
bling the combustor of the gas turbine.

[0004] Patent Document 1: Japanese Patent Applica-
tion Laid-open No. H9-168931

DISCLOSURE OF INVENTION
PROBLEM TO BE SOLVED BY THE INVENTION

[0005] An outlet of a transition piece of a combustor
has a wide lateral width. Therefore, in the technique dis-
closed in Patent Document 1, as described in its para-
graph 0053, wheniitis tried to pull out the combustor from
a casing, the transition piece interferes with a vertically
long slot (a combustor insertion hole) formed in the cas-
ing. Consequently, the combustor is required to be rotat-
ed for pulling out the combustor from the casing. There-
fore, in the technique disclosed in Patent Document 1,
an assembly operation or a disassembly operation of the
gas turbine is not sufficiently facilitated.

[0006] Further, because the combustor has a role to
change a flow direction of combustion gas, the shape of
the combustor is not an axisymmetric shape, buta curved
shape as a whole (in an embodiment, the transition piece
is curved). Further, a member that is moved together with
the combustor such as a steam pipe for cooling the com-
bustor may be attached (in an embodiment, a pipe is
attached to the transition piece). Also from this viewpoint,
when the combustor is taken out from the casing, the
combustor needs to be rotated or inclined to avoid an
interference with the combustor insertion hole, taking the
shape and attachment of the combustor into considera-
tion. However, because the combustor is heavy, there is
a problem that the burden on workers is large, and a
certain period of time is required for the operation.
[0007] Meanwhile, if only avoiding the interference
with the combustor is necessary, it suffices that the di-
ameter of the combustor insertion hole is increased.
However, because a plurality of combustors are provided
in a state adjacent to each other in a circumferential di-
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rection of the combustor casing, by only increasing the
diameter of the combustor insertion hole, a distance be-
tween adjacent combustorinsertion holes decreases and
the strength of the combustor casing may decrease.
[0008] The present invention has been achieved to
solve the above problems, and an object of the present
invention is to facilitate an assembly operation or a dis-
assembly operation of a gas turbine, and to ensure
strength of a combustor casing.

MEANS FOR SOLVING PROBLEM

[0009] According to an aspect of the presentinvention,
a gas turbine includes: a combustor that burns fuel to
generate combustion gas; a combustor casing that is
formed in a cylindrical shape and houses the combustor
inside thereof; and a combustor insertion hole, which is
formed on a side periphery of the combustor casing to
connect the inside and outside of the combustor casing,
wherein a size thereof in a direction orthogonal to a cir-
cumferential direction of the combustor casing is formed
larger than thatin the circumferential direction of the com-
bustor casing, and when the combustor inserted into the
hole, amember moved together with the combustor, and
the hole are viewed from a moving direction of the com-
bustor, the hole includes an entire external form of the
combustor and the member moved together with the
combustor.

[0010] According tothe above configuration, in the gas
turbine according to the presentinvention, when the com-
bustor and the member moved together with the com-
bustor are inserted into inside of the combustor casing
via the combustor insertion hole, or when the combustor
and the member moved together with the combustor are
pulled out from inside of the combustor casing via the
combustor insertion hole, even if the combustor and the
member moved together with the combustor are moved
in a predetermined direction, the combustor and the
member moved together with the combustor do not in-
terfere with the combustor casing near the combustor
insertion hole.

[0011] With this configuration, the combustor and the
member moved together with the combustor are inserted
into inside of the combustor casing via the combustor
insertion hole in the gas turbine, without being rotated or
inclined. Further, the combustor and the member moved
together with the combustor are pulled out from inside of
the combustor casing via the combustor insertion hole in
the gas turbine, without being rotated or inclined. As a
result, the assembly operation or the disassembly oper-
ation of the gas turbine is facilitated in the gas turbine.
[0012] Further, the shape of the combustor insertion
hole of the gas turbine is formed such that the size thereof
in a direction orthogonal to the circumferential direction
of the combustor casing is larger than that in the circum-
ferential direction of the combustor casing. Accordingly,
when a plurality of combustor insertion holes are formed
in the circumferential direction of the combustor casing
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in the gas turbine, a decrease in the distance between
adjacent combustor insertion holes can be suppressed.
As a result, a decrease in the strength of the combustor
casing between the adjacent combustor insertion holes
can be suppressed in the gas turbine.

[0013] Advantageously, in the gas turbine, the com-
bustor insertion hole is formed by combining a plurality
of circular holes with centers thereof being different from
each other.

[0014] The thickness of the combustor casing is gen-
erally about 100 millimeters. Therefore, accuracy of the
combustor insertion hole may decrease due to insuffi-
cient rigidity of a tool according to its processing method.
In the gas turbine according to the present invention;
however, according to the above configuration, the com-
bustor insertion hole is formed by combining circular
holes, which require relatively small rigidity of the tool at
the time of processing. Accordingly, the combustor in-
sertion hole of the gas turbine is formed with high accu-
racy.

[0015] Advantageously, the gas turbine includes a
spacer that is provided in a gap between the combustor
and an inner peripheral surface of the combustor inser-
tion hole at a time of installing the combustor inside the
combustor casing, so as tofill the gap generated between
the combustor and an inner circumference of the com-
bustor insertion hole.

[0016] According to the above configuration, the spac-
er of the gas turbine according to the present invention
fills the gap between the combustor and the combustor
casing, to suppress disturbance of air flow inside the com-
bustor casing. Further, if the spacer is formed and ar-
ranged to guide the air inside the combustor casing to
an air inlet of the combustor, the spacer can also realize
a so-called flow guide function.

[0017] According to another aspect of the present in-
vention, a method of forming a combustor insertion hole
ofagasturbineincludes: at a time of forming a combustor
insertion hole, which is formed on a side periphery of a
combustor casing for housing a combustor that burns
fuelto generate combustion gas therein to connectinside
and outside of the combustor casing, wherein when the
combustor inserted into the hole, a member moved to-
gether with the combustor, and the hole are viewed from
a moving direction of the combustor, the hole includes
an entire external form of the combustor and the member
moved together with the combustor, a step of forming a
first circular hole to be formed in a circular shape about
a predetermined point in the combustor casing; and a
step of forming a second circular hole to be formed in a
circular shape about another point different from the pre-
determined point in the combustor casing, so that the
second circular hole has a portion overlapping on the first
circular hole.

[0018] When the method of forming the combustor in-
sertion hole according to the present invention is used,
the combustor insertion hole can be formed by forming
the first circular hole to be formed in a circular shape,
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which requires relatively small rigidity of the tool at the
time of processing, and then forming the second circular
hole to be formed in a circular shape, which requires rel-
atively small rigidity of the tool at the time of processing,
as in the first circular hole. Therefore, the combustor in-
sertion hole can be formed more easily in the gas turbine.
Further, the combustor insertion hole can be formed
more accurately in the gas turbine.

EFFECT OF THE INVENTION

[0019] The present invention facilitates an assembly
operation or a disassembly operation of a gas turbine
and ensures strength of a combustor casing.

BRIEF DESCRIPTION OF DRAWINGS
[0020]

[Fig. 1] Fig. 1 is a schematic configuration diagram
of a gas turbine according to an embodiment of the
present invention.

[Fig. 2] Fig. 2 is a schematic diagram of a vicinity of
a combustor according to the embodiment in an en-
larged scale.

[Fig. 3] Fig. 3 is a schematic diagram of a combustor
insertion hole according to the embodiment as
viewed from a direction along an axis of an inner
cylinder, when the inner cylinder is arranged in a
combustor chamber.

[Fig. 4] Fig. 4 is a schematic diagram of a state when
the combustor according to the present embodiment
is pulled out from the combustor chamber via the
combustor insertion hole.

EXPLANATIONS OF LETTERS OR NUMERALS

[0021]

1 gas turbine

10 turbine unit

11 turbine chamber
12 turbine vane

13 turbine blade

14 disk

15 turbine casing
20 compressor unit
21 air inlet

22 compressor casing
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51

52

60

C1,

CL

RL

Cc2

compressor vane
compressor blade
air bleed manifold
combustor unit
combustor casing
combustor insertion hole
first circular hole
second circular hole
inner cylinder
transition piece
steam pipe

fuel nozzle

air inlet

combustor chamber
top hat

spacer

combustor

exhaust unit
exhaust diffuser
exhaust casing
rotor

bearing

bearing

casing

center

axis

external form

rotation axis
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BEST MODE(S) FOR CARRYING OUT THE INVEN-
TION

[0022] The presentinvention is explained below in de-
tail with reference to the accompanying drawings. The
present invention is not limited to the best mode for car-
rying out the invention (hereinafter, "embodiment"). In
addition, constituent elements in the embodimentinclude
those that can be easily assumed by persons skilled in
the art, that are substantially equivalent, and so-called
equivalents.

(First embodiment)

[0023] Fig. 1is a schematic configuration diagram of
a gas turbine according to an embodiment of the present
invention. A gas turbine 1 according to the embodiment
includes, as shown in Fig. 1, a compressor unit 20, a
combustor unit 30, a turbine unit 10, and an exhaust unit
40 in order from an upstream side to a downstream side
of a fluid flow.

[0024] The compressor unit 20 pressurizes air and
feeds the pressurized air to the combustor unit 30. The
combustor unit 30 supplies fuel to the pressurized air to
burn the fuel. The turbine unit 10 converts energy of com-
bustion gas fed from the combustor unit 30 to rotation
energy. The exhaust unit 40 discharges the combustion
gas into the atmosphere.

[0025] The compressor unit 20 includes an airinlet 21,
a compressor casing 22, a compressor vane 23, a com-
pressor blade 24, and an air bleed manifold 25. The air
inlet 21 takes in air from the atmosphere into the com-
pressor casing 22.

[0026] A plurality of compressor vanes 23 and a plu-
rality of compressor blades 24 are alternatively provided
in the compressor casing 22. The air bleed manifold 25
is provided outside of the compressor vanes 23 and the
compressor blades 24, to guide the air compressed by
the compressor unit 20 to the combustor unit 30.
[0027] The combustor unit 30 includes a combustor
casing 31 and a combustor 39. A combustor chamber 36
is formed in the combustor casing 31. The combustor 39
includes an inner cylinder 32, a transition piece 33, and
a fuel nozzle 34.

[0028] Theinnercylinder 32isformed in a substantially
cylindrical shape and provided in the combustor chamber
36 as a compressed air passage. The inner cylinder 32
supports a main nozzle and a pilot nozzle that constitute
the fuel nozzle 34 therein. The transition piece 33 is also
provided in the combustor chamber 36 as the com-
pressed air passage. The transition piece 33 is formed
in a cylindrical shape, and a combustion zone in which
the fuel burns is formed in the transition piece 33.
[0029] One end of the inner cylinder 32 in the axial
direction is connected to the transition piece 33. A Pipe
that supplies fuel to the fuel nozzle 34 arranged in the
inner cylinder 32 is connected to the other end of the
inner cylinder 32 on the side opposite to the transition
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piece 33. Asshownin Fig. 2, anairinlet 35 that introduces
the compressed air into the inner cylinder 32 is formed
on an outer peripheral surface of the inner cylinder 32.
[0030] The fuel is injected from the fuel nozzle 34 to
the compressed air introduced into the inner cylinder 32
via the air inlet 35, and led to the combustion zone in the
transition piece 33. The fuel introduced into the combus-
tion zone is ignited by a burner (not shown) and burns to
become combustion gas having kinetic energy.

[0031] The turbine unit 10 includes a turbine chamber
11, a turbine vane 12, and a turbine blade 13 in a turbine
casing 15. A plurality of turbine vanes 12 and a plurality
of turbine blades 13 are alternatively arranged in the tur-
bine chamber 11. The exhaust unit 40 includes an ex-
haust diffuser 41 in an exhaust casing 42. The exhaust
diffuser 41 is connected to the turbine unit 10, and recti-
fies the combustion gas, that is, flue gas having passed
through the turbine unit 10.

[0032] The gas turbine 1 has a rotor 50 as a rotator.
The rotor 50 is provided to penetrate through the central
part of the compressor unit 20, the combustor unit 30,
the turbine unit 10, and the exhaust unit 40. An end of
the rotor 50 on the compressor unit 20 side is rotatably
supported by a bearing 51, and an end thereof on the
exhaust unit 40 side is rotatably supported by a bearing
52.

[0033] The rotor 50 is provided inside a casing 60 to
rotate about a rotation axis RL. The rotor 50 includes a
plurality of disks 14. The compressor blades 24 and the
turbine blades 13 are respectively implanted in the disks
14. A rotation shaft of a power generator (not shown) is
connected to the end of the rotor 50 on the compressor
unit 20 side.

[0034] According to the above configuration, the air
taken in from the air inlet 21 in the compressor unit 20 is
compressed by the compressor vanes 23 and the com-
pressor blades 24 to become high-temperature and high-
pressure compressed air. Subsequently, predetermined
fuel is supplied to the compressed air in the combustor
unit 30, and the fuel burns.

[0035] The energy of the high-temperature and high-
pressure combustion gas, which is a working fluid gen-
erated in the combustor unit 30, is converted to the rota-
tion energy at the time of passing through the turbine
vanes 12 and the turbine blades 13 constituting the tur-
bine unit 10. The rotation energy is transmitted to the
rotor 50 via the turbine blades 13 to rotate the rotor 50.
Accordingly, the gas turbine 1 drives the power generator
connected to the rotor 50. The flue gas having passed
through the turbine unit 10 passes through the exhaust
diffuser 41 in the exhaust unit 40 and is released into the
atmosphere.

[0036] Fig. 2is a schematic diagram of a vicinity of the
combustor according to the present embodiment in an
enlarged scale. The gas turbine 1 further includes a top
hat 37 and a spacer 38. The combustor 39 is inserted
into a combustor insertion hole 31a formed in the com-
bustor casing 31 and supported in the combustor cham-

10

15

20

25

30

35

40

45

50

55

ber 36. In the combustor 39, the inner cylinder 32 is at-
tached to the combustor insertion hole 31a via the top
hat 37 in a state in which the inner cylinder 32 and the
transition piece 33 are connected to each other. The top
hat 37 supports a top hat nozzle inside thereof.

[0037] Thetop hat 37 is connected to the inner cylinder
32. The top hat 37 includes a flange, and the flange is
connected to the combustor casing 31 near the combus-
tor insertion hole 31a. Accordingly, the top hat 37 sup-
ports the inner cylinder 32 in the combustor chamber 36.
[0038] Generally, the combustor insertion hole 31a is
formed in a size capable of inserting the inner cylinder
32 and the transition piece 33 formed in a substantially
cylindrical shape. That is, the combustor insertion hole
31aisformedin a circular shape having a diameter slight-
ly larger than that of cylindrical portions of the inner cyl-
inder 32 and the transition piece 33. Therefore, in a gen-
eral gas turbine, a gap between the combustor casing
31 and the inner cylinder 32 is relatively small.

[0039] However, in the present embodiment, although
details are described later, the combustor insertion hole
31a of the gas turbine 1 is formed larger in a direction
orthogonal to a circumferential direction of the combustor
casing 31 than that of the general gas turbine. Accord-
ingly, a gap between the inner cylinder 32 and the com-
bustor casing 31 on the outer circumference side (radially
outside with respect to the rotation axis RL of the inner
cylinder 32) is larger than that of the general gas turbine.
[0040] The spacer 38 is provided in the gap between
the inner cylinder 32 and the combustor casing 31. The
spacer 38 is, for example, attached to the top hat 37. The
spacer 38 fills the gap between the inner cylinder 32 and
the combustor casing 31 on the outer circumference side
with respect to the rotation axis RL, and equalizes air
flow around the combustor 39.

[0041] It is desired that the spacer 38 is formed and
arranged to guide air in the combustor chamber 36 to the
air inlet 35. For example, as shown in Fig. 2, the spacer
38 is formed and arranged to smoothly connect an inner
surface of the combustor chamber 36 of the combustor
casing 31 and the air inlet 35 to each other. Accordingly,
the spacer 38 realizes a flow guide function. The spacer
38 can be attached to the inner cylinder 32.

[0042] Inthe gasturbine 1, for example, the combustor
39 is pulled out from the combustor chamber 36 via the
combustor insertion hole 31a at the time of maintenance.
When the combustor 39 is to be pulled out from the com-
bustor chamber 36 via the combustor insertion hole 31a,
the inner cylinder 32 is detached from the transition piece
33. The combustor 39 is detached from a support mem-
ber that supports the combustor 39 in the combustor
chamber 36. In the combustor 39, the top hat 37 is de-
tached from the combustor casing 31 near the combustor
insertion hole 31a.

[0043] At this time, the inner cylinder 32, the top hat
37, and the spacer 38 are in an assembled state, that is,
integrated with each other. The combustor 39 is pulled
out from the combustor chamber 36 via the combustor
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insertion hole 31a in a state with the inner cylinder 32,
the top hat 37, and the spacer being integrated with each
other.

[0044] Next, in the combustor 39, an end of the tran-
sition piece 33 opposite to the inner cylinder 32 is de-
tached from a member of the turbine unit 10. The transi-
tion piece 33 is then pulled out from the combustor cham-
ber 36 via the combustor insertion hole 31a. A steam
pipe 33a connected to the transition piece 33 is also
pulled out from the combustor chamber 36 via the com-
bustor insertion hole 31a as a part of the transition piece
33.

[0045] In the present embodiment, a case that the
combustor 39 is pulled out from the combustor chamber
36 via the combustor insertion hole 31a is explained.
However, the gas turbine 1 has the same action and ef-
fectwhen the combustor 39 isinserted into the combustor
chamber 36 via the combustor insertion hole 31a.
[0046] As described above, the combustor insertion
hole 31a of the general gas turbine is formed in a size
capable of inserting the inner cylinder 32 and the transi-
tion piece 33 formed in a substantially cylindrical shape.
However, the transition piece 33 is formed with an axis
of the transition piece 33 being curved from an end there-
of connected to the inner cylinder 32 toward an end con-
nected to the member of the turbine unit 10.

[0047] Further, an end of the transition piece 33 on the
turbine unit 10 side is formed in a substantially rectan-
gular shape. When the combustor 39 is pulled out from
the combustor chamber 36 via the combustor insertion
hole 31a, the end of the substantially rectangular transi-
tion piece 33 tends to interfere with the combustor casing
31 nearthe combustorinsertion hole 31a. When the com-
bustor 39 is pulled out from the combustor chamber 36
via the combustor insertion hole 31a, the steam pipe 33a
provided in the transition piece 33 also tends to interfere
with the combustor casing 31 near the combustor inser-
tion hole 31a.

[0048] Accordingly, in the case of the general gas tur-
bine, when the combustor 39 is pulled out from the com-
bustor insertion hole 31a, the transition piece 33 may
interfere with the combustor casing 31 near the combus-
tor insertion hole 31a according to a pulling angle of the
combustor 39. Therefore, in the conventional gas turbine,
the combustor 39 needs to be pulled out from the com-
bustor chamber 36 via the combustor insertion hole 31a,
while being rotated or inclined.

[0049] Fig. 3 is a schematic diagram of the combustor
insertion hole according to the present embodiment as
viewed from a direction along the axis of the inner cylin-
der, when the inner cylinder is arranged in the combustor
chamber. The combustor insertion hole 31a is formed by
combining a first circular hole 31aa and a second circular
hole 31ab. The first circular hole 31aa and the second
circular hole 31ab are combined to form the combustor
insertion hole 31ain a shape having a constricted portion
such as a tumbling doll shape or a bottle gourd shape.
[0050] The first circular hole 31aa and the second cir-
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cular hole 31ab are formed so that a center C1 of the first
circular hole 31aa and a center C2 of the second circular
hole 31ab are not overlapped on each other. A distance
between the centers C1 and C2 is set smaller than a sum
of a radius of the first circular hole 31aa and a radius of
the second circular hole 31ab.

[0051] Forexample, the center C1is formed on an axis
CL of the inner cylinder 32 formed in a substantially cy-
lindrical shape shown in Fig. 2. That is, the first circular
hole 31aa is formed in a circular shape about the axis
CL of the inner cylinder 32.

[0052] An external form K shown by a solid line in Fig.
3indicates a visible outline of the combustor 39 as viewed
from a direction along the axis CL of the inner cylinder
32 when the inner cylinder 32 shown in Fig. 2 is arranged
in the combustor chamber 36. The external form K indi-
cates an external form of a member of the combustor 39
arranged on the combustor chamber 36 side than the
flange of the top hat 37. The external form Kiis a projection
diagram at the time of projecting the combustor 39 from
the direction along the axis CL of the inner cylinder 32
when the inner cylinder 32 shown in Fig. 2 is arranged
in the combustor chamber 36. Hereinafter, "the axis CL
of the inner cylinder 32 when the inner cylinder 32 is
arranged in the combustor chamber 36" is simply referred
to as "the axis CL of the inner cylinder 32".

[0053] The second circular hole 31ab is formed to in-
clude the entire external form K of the combustor 39, a
part of which is not housed in the first circular hole 31aa,
when the combustor insertion hole 31a including the
combustor 39 inserted therein is viewed from the direc-
tion along the axis CL of the inner cylinder 32 shown in
Fig. 2.

[0054] That is, the combustor insertion hole 31a is
formed so that the first circular hole 31aa and the second
circular hole 31ab include the entire external form K of
the combustor 39, when the combustor insertion hole
31aincluding the combustor 39 inserted thereinis viewed
from the direction along the axis CL of the inner cylinder
32 shown in Fig. 2.

[0055] A plurality of combustor insertion holes 31a are
arranged in the combustor casing 31 in the circumferen-
tial direction thereof. For example, if the combustor in-
sertion hole 31aisformed in a substantially circular shape
as one hole so that the entire external form K of the com-
bustor 39 is included, when the combustor insertion hole
31aincluding the combustor 39 inserted thereinis viewed
from the direction along the axis CL of the inner cylinder
32 shown in Fig. 2, the distance between the adjacent
combustorinsertion holes 31a becomes smaller than that
of the conventional gas turbine.

[0056] Accordingly, if the combustor insertion hole 31a
is formed in a substantially circular shape as one hole so
that the entire external form K of the combustor 39 is
included, when the combustor insertion hole 31a includ-
ing the combustor 39 inserted therein is viewed from the
direction along the axis CL of the inner cylinder 32 shown
in Fig. 2, the strength of the combustor casing 31 between
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the adjacent combustor insertion holes 31a may de-
crease.

[0057] When the combustor insertion hole 31a is
formed in the shape having a constricted portion, a virtual
line connecting the centers C1 and C2 is normally along
a direction substantially orthogonal to the circumferential
direction of the combustor casing 31. That is, the size of
the combustor insertion hole 31ain adirection orthogonal
to the circumferential direction of the combustor casing
31 is larger than that in the circumferential direction of
the combustor casing 31. This is because the external
form K of the combustor 39 is relatively larger in the di-
rection orthogonal to the circumferential direction of the
combustor casing 31, when the combustor insertion hole
31aincluding the combustor 39 inserted therein is viewed
from the direction along the axis CL of the inner cylinder
32 shown in Fig. 2.

[0058] Therefore, when the combustor insertion hole
31ais formed in the shape having a constricted portion,
a decrease in the distance between the adjacent com-
bustor insertion holes 31a is suppressed in the gas tur-
bine 1. As aresult, a decrease in the strength of the com-
bustor casing 31 between the adjacent combustor inser-
tion holes 31a can be suppressed in the gas turbine 1.
[0059] For example, the combustor insertion hole 31a
can be formed in a substantially elliptical shape to include
the entire external form K of the combustor 39, when the
combustor insertion hole 31aincluding the combustor 39
inserted therein is viewed from the direction along the
axis CL of the inner cylinder 32 shown in Fig. 2. Even in
this case, a decrease in the distance between the adja-
cent combustor insertion holes 31a is suppressed in the
gas turbine 1. As a result, a decrease in the strength of
the combustor casing 31 between the adjacent combus-
tor insertion holes 31a can be suppressed in the gas tur-
bine 1.

[0060] In this case, because the shape of an opening
of the combustor insertion hole 31a formed in a substan-
tially elliptical shape is formed more smoothly than the
shape of the combustor insertion hole formed by com-
bining the first circular hole 31aa and the second circular
hole 31ab, a stress concentrating portion is reduced.
[0061] When the combustor insertion hole 31a is
formed in a substantially elliptical shape, the combustor
insertion hole 31a is processed by an end mill by using,
for example, a machine tool. However, a thickness of the
combustor casing 31 is generally about 100 millimeters.
Therefore, when the combustor insertion hole 31a is
formed in a substantially elliptical shape, processing ac-
curacy of the combustor insertion hole 31a may decrease
due to insufficient rigidity of the end mill of the machine
tool. With the machine tool, the combustor insertion hole
31a may not be formed by the end mill.

[0062] However, as described above, if the combustor
insertion hole 31a is formed in the shape having a con-
stricted portion such as a tumbling doll shape or a bottle
gourd shape by combining the first circular hole 31aa and
the second circular hole 31ab, the combustor insertion
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hole 31a is easily formed by a processing method of the
combustor insertion hole 31 explained below.

[0063] When the combustor insertion hole 31a is
formed in the shape having a constricted portion, the first
circular hole 31aa of the combustor insertion hole 31a is
first formed about the center C1 by inner periphery
processing using an inner-diameter cutting tool. The cut-
ting tool forms the first circular hole 31aa while moving
about the center C1 to draw a circle. According to this
processing method, relatively large rigidity is not required
for the cutting tool. Therefore, the machine tool can ac-
curately form the first circular hole 31aa, regardless of
the thickness of the combustor casing 31.

[0064] The second circular hole 31ab of the combustor
insertion hole 31a is then formed about the center C2 by
the cutting tool. The cutting tool forms the second circular
hole 31ab while moving about the center C2 to draw a
circle. According to this processing method, as described
above, relatively large rigidity is not required for the cut-
ting tool. Therefore, the machine tool can accurately form
the second circular hole 31ab, regardless of the thickness
of the combustor casing 31.

[0065] Accordingly, the first circular hole 31aa and the
second circular hole 31ab are formed as one combustor
insertion hole 31a. The combustor insertion hole 31a is
formed more easily than the case that the combustor
insertion hole 31a is formed in a substantially elliptical
shape, and processing man-hour is reduced according
to the processing method.

[0066] According to the above configuration and the
processing method, in the gas turbine 1, the combustor
insertion hole 31a is formed in the shape having a con-
stricted portion such as a tumbling doll shape or a bottle
gourd shape by combining the first circular hole 31aa and
the second circular hole 31ab, thereby enabling to facil-
itate the processing of the combustor insertion hole 31,
and suppress a decrease in the strength of the combustor
casing 31 between the adjacent combustor insertion
holes 31a.

[0067] Fig. 4 is a schematic diagram of a state when
the combustor according to the present embodiment is
pulled out from the combustor chamber via the combus-
tor insertion hole. As shown in Fig. 4, the combustor 39
is pulled out from the combustor chamber 36 via the com-
bustor insertion hole 31a in a state with the top hat 37
and the spacer 38 being integrated.

[0068] AsshowninFig. 3, the combustorinsertion hole
31aincludes the entire external form K of the combustor
39 when the combustor insertion hole 31a including the
combustor 39 inserted therein is viewed from the direc-
tion along the axis CL of the inner cylinder 32. Therefore,
the inner cylinder 32, the top hat 37, and the spacer 38
do not interfere with the combustor casing 31 near the
combustor insertion hole 31a, even if these are moved
on a straight line along the direction of the axis CL of the
inner cylinder 32.

[0069] As shown in Fig. 4, the transition piece 33 is
moved on the straight line along the direction of the axis
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CL of the inner cylinder 32, and is pulled out from the
combustor chamber 36 via the combustor insertion hole
31a. At this time, the transition piece 33 does not interfere
with the combustor casing 31 near the combustor inser-
tion hole 31a.

[0070] Accordingly, the combustor 39 of the gas tur-
bine 1 is pulled out from the combustor chamber 36 via
the combustor insertion hole 31a without being rotated
orinclined. Further, the combustor 39 of the gas turbine
1is inserted into the combustor chamber 36 via the com-
bustor insertion hole 31a without being rotated or in-
clined.

[0071] With this configuration, in the gas turbine 1, for
example, an assembly operation or a disassembly oper-
ation of the gas turbine 1 at the time of maintenance is
facilitated. As a result, working hours required for the
assembly operation or the disassembly operation of the
gas turbine 1 can be reduced in the gas turbine 1.
[0072] It has been explained that the combustor 39 is
moved on a straight line along the axis CL of the inner
cylinder 32; however, the present embodiment is not lim-
ited thereto. The combustor 39 can be moved on the
straight line along a moving direction of the combustor
39 and pulled out from the combustor chamber 36 via
the combustor insertion hole 31a, or inserted into the
combustor chamber 36 via the combustor insertion hole
31a.

[0073] In this case, the first circular hole 31aa and the
second circular hole 31ab of the combustor insertion hole
31a are formed so that the first circular hole 31aa and
the second circular hole 31ab include the entire external
form K of the combustor 39, when the combustorinsertion
hole 31a including the combustor 39 inserted therein is
viewed from the moving direction of the combustor 39.
[0074] Accordingly,the gasturbine 1includesthe com-
bustor insertion hole 31a, which is formed on a side pe-
riphery of the combustor casing 31, where a size thereof
in a direction along the central axis of the combustor cas-
ing 31 is formed larger than that in a circumferential di-
rection of the combustor casing 31, and when the com-
bustor inserted into the hole, a member moved together
with the combustor 39, and the hole are viewed from a
moving direction of the combustor 39, the hole includes
the entire external form K of the combustor 39 and the
member moved together with the combustor 39.

[0075] With this configuration, in the gas turbine 1, for
example, an assembly operation or a disassembly oper-
ation of the gas turbine 1 at the time of maintenance is
facilitated. As a result, working hours required for the
assembly operation or the disassembly operation of the
gas turbine 1 can be reduced in the gas turbine 1.

INDUSTRIAL APPLICABILITY

[0076] Asdescribed above, the gas turbines according
to the present embodiment is suitable for a gas turbine
having a configuration such that a combustor is pulled
out from a combustor casing via a combustor insertion
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hole or the combustor is inserted into the combustor cas-
ing via the combustor insertion hole.

Claims
1. A gas turbine comprising:

a combustor that burns fuel to generate com-
bustion gas;

a combustor casing that is formed in a cylindrical
shape and houses the combustor inside thereof;
and

a combustor insertion hole, which is formed on
a side periphery of the combustor casing to con-
nect the inside and outside of the combustor
casing, wherein a size thereof in a direction or-
thogonal to a circumferential direction of the
combustor casing is formed larger than that in
the circumferential direction of the combustor
casing, and when the combustor inserted into
the hole, a member moved together with the
combustor, and the hole are viewed from a mov-
ing direction of the combustor, the hole includes
an entire external form of the combustor and the
member moved together with the combustor.

2. The gas turbine according to claim 1, wherein the
combustor insertion hole is formed by combining a
plurality of circular holes with centers thereof being
different from each other.

3. Thegas turbine according to claim 1 or 2, comprising
a spacer that is provided in a gap between the com-
bustor and an inner peripheral surface of the com-
bustor insertion hole at a time of installing the com-
bustor inside the combustor casing, so as to fill the
gap generated between the combustor and an inner
circumference of the combustor insertion hole.

4. A method of forming a combustor insertion hole of a
gas turbine, the method comprising:

at a time of forming a combustor insertion hole,
which is formed on a side periphery of a com-
bustor casing for housing a combustor that
burns fuel to generate combustion gas therein
to connect inside and outside of the combustor
casing, wherein when the combustor inserted
into the hole, a member moved together with the
combustor, and the hole are viewed from a mov-
ing direction of the combustor, the hole includes
an entire external form of the combustor and the
member moved together with the combustor,

a step of forming a first circular hole to be formed
in a circular shape about a predetermined point
in the combustor casing; and

a step of forming a second circular hole to be
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formed in a circular shape about another point
different from the predetermined point in the
combustor casing, so that the second circular
hole has a portion overlapping on the first circu-
lar hole.

Amended claims under Art. 19.1 PCT

1. (amended) A gas turbine comprising:

a combustor that burns fuel to generate com-
bustion gas;

a combustor casing thatis formed in a cylindrical
shape and houses the combustor inside thereof;
and

a plurality of combustor insertion holes, which
are formed along a circumferential direction in
aportion on a compressor side of the gas turbine
of the combustor casing to connect the inside
and outside of the combustor casing, wherein a
size thereof in a direction orthogonal to a cir-
cumferential direction of the combustor casing
is formed larger than that in the circumferential
direction of the combustor casing, and when the
combustor inserted into the hole, a member
moved together with the combustor, and the
hole are viewed from a moving direction of the
combustor, the hole includes an entire external
form of the combustor and the member moved
together with the combustor.

2. The gas turbine according to claim 1, wherein the
combustor insertion hole is formed by combining a
plurality of circular holes with centers thereof being
different from each other.

3. The gas turbine according to claim 1 or 2, com-
prising a spacer that is provided in a gap between
the combustor and an inner peripheral surface of the
combustor insertion hole at a time of installing the
combustor inside the combustor casing, so as to fill
the gap generated between the combustor and an
inner circumference of the combustor insertion hole.

4. (amended) A method of forming a combustor in-
sertion hole of a gas turbine, the method comprising:

at a time of forming a plurality of combustor in-
sertion holes, which are formed along a circum-
ferential direction in a portion on a compressor
side of the gas turbine of a combustor casing for
housing a combustor that burns fuel to generate
combustion gas therein to connect inside and
outside of the combustor casing, wherein when
the combustor inserted into the hole, a member
moved together with the combustor, and the
hole are viewed from a moving direction of the
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combustor, the hole includes an entire external
form of the combustor and the member moved
together with the combustor,

a step of forming a first circular hole to be formed
in a circular shape about a predetermined point
in the combustor casing; and

a step of forming a second circular hole to be
formed in a circular shape about another point
different from the predetermined point in the
combustor casing, so that the second circular
hole has a portion overlapping on the first circu-
lar hole.
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